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. IN/RODUCTION

In recent years the increased emphasis on the developuent of
lightweight airborne equipment and missiles has caused increased use
of the non-ferrous, light weight metals. Of these light weight metals ’
magnes ium has many physical properties such as ductility and a high
strength to weight ratio that make it very desirable for use by the
Army. Previous work (CCL Report No. 134) has shown that magnesium,
with the proper pretreatment and finishing system, can be protected.
However, due to design requirements it is sometimes necessary to have
magnesium in contact with a dissimilar metal thereby setting up a
condition for bimetallic or galvanic corrosion.

Work reported in CCL Report No. 150 showed that galvanic corro-
sion can be prevented by complete insulation of the dissimilar metals.
It also showed that the best protection available for items containing
magnesium and steel that must be treated after assembly is the stannate
process developed by the Dow Chemical Company under Army contract.

This is an immersion treatment which is said to deposit a tin coating
on steel and a tin-magnesium salt on magnesium.

However, there has been a he¢sitancy to recommend the stannate
process for actual productior because very limited infomation was
available on life of the bath, a fast effective means for replenish-
ment of bath and maintenance of coating quality. Although an analytical
method for determining bath composition was developed the procedure
was much too time consuming for production control and would also
require a trained analyst.

A study was therefore initiated to obtain data on the operating
limits of the bath to determine if it would be possible to establish
some means other than chemical analysis that could be utilized as a
fast effective method for control of the process.

It. DETAILS OF TEST

To determine bath life test specimens consisting of 3 by 6 by 1/4
inch magnesium panels of alloy AZ 31 with two 1/b inct diameter flat-
head steel bolts countersunk in the center of the panei 1-1/2 inches
apart were stannate treated according to table I. After every 10 square
feet per gallon treated, a set of four test specimens were painted to
a !l mil dry film thickness with a control formulation of MIL-P-52192,
"Primer Coating, Epoxy'. They were air dried 7 days, scored across one
of the coupled areas and exposed to 20% salt spray in accordance with
method 6061 of Federal Test Method Standard 141, along with a set
treated in a freshly prepared bath.
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Ninety-six hours exposure was set as the standard acceptable
exposure period based on previous work that showed this was the maximum
period of salt spray exposure that could be expected from stannate
coatings deposited from a fresh bath without excessive amounts of gal-
vanic corrosion. Thus a bath was considered to be depleted when the
test specimens from the operating or used bath showed a faster rate of
corrosion when tested simultaneously with specimens from the freshly
prepared bath. forrosion on the former generally started 24 to 48
hours sooner than those from the latter. Examples of both types are
shown in photo #1}.

Four separate baths were run to depletion and the amount of work
treated per gallon, until substandard penels were produced, varied
from 125 to 150 square feet. When the salt spray data indicated that
a good coating was no longer being produced chemical analysis of the
bath was made. A typical analysis is given in Table Ill. The potas-
sium stannate was depleted at a much faster rate than the tetrasodium
pyrophosphate. Sodium acetate and sodium hydroxide remained constant
as did the pH.

A depleted bath was brought back to oiiginal strength by addition
of potassium stannate and tetrasodium pyrophosphate and test panels
again treated, painted and subjected to salt spray. The revived bath
initially produced very satisfactory treatments. However, only 50
square feet of acceptable work was produced per gallon of bath., On
close examination of bath analysis it was seen that the only corstituent
in the depleted bath that was not ‘n the new bath was carbonate. It
is well knosn that electrolytic tin plating baths of the potassium
starnate type absorb carbon dioxide thereby causing poor coating formu-
lation?. In order to see if the stannate immersion bath was affected
in a similar manner 0.5% of sodium carbonate was added to a freshly
prepared bath. Test panels were treated, painted with MIL-P-52192 and
exposed to salt spray. Exposure results were very pcor compared to
control zanels prepared in a non-carbonate stannate bath.

Since depletion rate was determined using specimens whose surface area
contained 943 magnesium and 6% steel, additional studies were conducted to de-
termine if a larger percentage of steel would deplete the bath faster.
Panels were prepared with the amount of steel varying from 6% to 50%
of the couple. Those containing 503 steel failed to have a coating
produced on the steel. Salt spray tests (table 1) showed that a
magnesium-steel couple containing more than 222 sieel would not receive
a satisfactory stannate coating. A fresh stannate bath was run to
depletion using test specimens consisting of 22% steel. It was found
that 125 sq. feet could be treated per gallon before substandard coatings
were produced. This indicates that the amount of steel (up to 22%)
present in the cour'~ does not affect the life or depletion rate of
the stannate bat:
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FI1.  CONCLUSIONS

This study has indicated that 100 square feet of work, containing
no more than 22% steel, can be safely processed per gallon of bath,
Pending the development of a fast effective means for determining quality
of a stannate coating, the process could be used for production with
this type of control. Although it is possible to replenish the
bath, it is not considered economically desirable since the life of
the replenished bath is less than half that of a freshly prepared one.

IV. REFERENCES

I. Magnesium Finishing. The Dow Chemical Company, Midland, Michiqan,
1963 pp. 75 - BI.

2. Blum, William and Hogaboom, George B., Principles Of Electro-
plating and Electroforming, McGraw=Hiil Book Company, Inc., New York,

1949, p. 328.
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APPENDIX A

TABLE |

PROCEDURE FOR PREPARING STANDARD STANNATE IMMERSION PANELS

STEP

STEP

STEP

STEP

STEP

STEP

STEP

STEP

6 -

- Alkaline clean at 190°-212°F for 10 minutes in the following
bath.

Sodium hydroxide - 120 gms
Trisodium phosphate - 20 gms
Nacconal - 2 gms

Water (to make) - 2000 ml

-~ Water rinse at room temperature.

-~ Immerse in 5% nitric acid at room temperature for 1-1/2
minutes.

- Water rinse at room temperature.

- Immerse in the following stannate bath for 20 minutes at

180°-190°F.

Potassium stannate - 100 gms
Tetrasodium pyrophosphate - 100 gms
Sodium hydroxide - 20 gms

Sodium acetate - 20 gms

Water (to make) - 2000 ml

Water rinse at room temperature.

- lmrerse in a 5% sodium acid fluoride bath at room tempera-

ture for 2 minutes.

- Water rinse at room temperature and dry in a 150°F oven

till dry.
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TABLE 1

PRODUCTION OF COATINGS ON MAGNESIUM-STEEL COUPLES
WITH VARYING AMOUNTS OF STEEL

Surface Area Mg:Steel
Panel % Magnesium 2 Steel Ratio 96 hours salt spray exposure
] 94 6 16.7:1 (Standard) Trace of galvanic
corrosion
2 88 12 7.3:1 Equal to standard
3 78 22 3.5:1 Equal to standard
b 69 31 2.2:1 More galvanic corrosion
than standard.
S 62 38 1.6:1 More galvanic corrosion
than standard.
6 56 hy 1.3:1 More galvanic corrosion
than standard.
7 50 50 1:1 More galvanic corrosion
than standard.
TABLE 111

Typical Bath Composition After Depletion Of Bath By
More Than 100 sq. ft. Per Gallon Of Work Treated in Bath

Before After
KySn03 5% 0.7%
NayP,07 5% 3.5%
N3C2H30 l% 1 .02
NaOH 1% 1.0%
pH 13.0 13.0
NaZC03 None Present
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i APPENDIX B

96 HOUR SALT SPRAY EXPOSURE

STANNATE IMMERSION

STANNATE IMMERSION

FRESH BATH

DEPLETED BATH




e - - -

Unclassified
Security Classification

DOCUMENT CONTROL DATA - R&D

(Security clasailication of title, body of abstract and indexing annotation muat be enterad when the overall report 1a clasatiied)

1 ORIGINATING ACTIVITY (Corporate author) 28 RCPORT SECURITY C LASSIFICATION
U. S. Army Coating and Chemical Laboratory Unclassified
Aberdeen Proving Ground, Maryland 26 anouw

3 REPORT TITLE

A STUDY OF THE OPERATING LIMITS OF THE STANNATE IMMERSION BATH

4 DESCRIPYIVE NOTES (Type of report end inclusive dates)
Final

S AUTHOR(S) (Last name. firet name. inlilal)

WILLIAM H. DEAVER

6. nﬂ‘&p‘rl%rf 78 TOTAL NO OF PAGFES 75 NO OF NErs
2
88 CONTRACT OR GRANT NO. 94 ORIGINATOR'S REPORT NUMBER(S)
AMCMS Code No. 5025.11.29500 CCL #230
b. PROJECT NO.
160244014329
c b OTHER l’ﬂon? NO(S) (Any other numbers that may be sssigned
this report
d

10 AVAILABILITY/LIMITATION NOTICES

Qualified requesters may obtain copies of this report from Defense
Documentation Center. Distribution of this document is unlimited.

1. SUPPLEMENTARY NOTES 12 SPONSORING MILITARY ACTIVITY

U. S. Army Materiel Command
Washington, D. C. 20315

13 ABSTRACY

A study was conducted to determine the operating limits of the
stannate immersion process for minimizing galvanic corrosion of
magnes ium-steel couples. Salt spray tests on specimens treated
and then painted indicated that 100 sq. feet of work containing up
to 22 percent steel could be safely processed per gallon of bath
before substandard coatings were produced. Magnesium steel couples
containing more than 22 percent steel would not receive a satisfactory
stannate coating.

DD ' 1473 Mo Lass1fied

Security Classification

PO -~ N L

e G S




Securtty Classthication

AL
KEY wWORDS

stannate bath

galvanic corrosion
magnes ium-steel couple
depleted bath

1. ORIGINATING ACTIVITY: Enter the name and address
of the contractor, subcontractor, grantee, Department of De-
fense activity or other orgenization (corporate author) issuing
the repon,

2a. REPORT SECUNITY CLASSIFICATION: Enter the over
all secunity classification of the report. Indicate whether
‘‘Restricted Data’’ is included Marking is to be in sccord
ance with sppropriate security regulations.

2b. GROUP: Automatic downgrading is specified in DoD Di-
rective 5200, 10 and Armed Forces Industrial Msnual. Enter
the group number. Also, when applicable. show that optional
markings have been used for Group 3 and Group 4 as author-
1zed.

3. REPORT TITLE: Enter the complete repon title in all
capital lettera. Titles in all cases should be unclassified.
If a meaningful title cannot be selected without classifica-
tion, show title classification in all capitals in parenthesis
immediately following the title,

4. DESCRIPTIVE NOTES: If appropriate, enter the type of
report, e.g., intenm, progress, summary, annual, or final.
Give the inclusive dates when a specific reporting period is
covered.

S. AUTHOR(S): Enter the name(s) of author(s) ss shown on
or in the report. Enter last name, frst name, middle initial,
If military, show rank and brench of service. The name of
the principal author is an absnlute mimimum requirement.

6. REPORT DATE: Enter the date of the report us day,
month. year, or month, year. If more than one date appears
on the report, use date of pudblication

Te. TOTAL NUMBER OF PAGES: The to.al page count
should follow normal pagination pi.. cdures, L e., enter the
number of pages containing information

7b. NUMBER OF REFERENCES Enter the total number of
references (ited 1n the report,

8a. CONTRACT OR GRANT NUMBER: If sppropriate, enter
the applic able number of the contract or grant under which
the report was written

8. &. & 84 PROJECT NUMBER: Fnter the appropriste
military department 1dentification, such as project number,
subproject numbe:r, system numbers, task number, eic.

Ye. ORIGINATOR'S REPORT NUMBER(S): Enter the offi-
vial report aumber by whuch the document will be identified
and vontrolled by the originating activity. This aumber must
be uruque to this report.

b OTHER REPORT NUMBER(S) U the repont has “~en
ssuigned sny other report numbers (either by the originetor
vr by the sponsor), slen enter thus numbderts).

INSTRUCTIONS

LINK A LINK B LINK C
b . -y -
AOLE w7y ROLE wrT ROLE wY
- - R T RS GO SRt SRR

10. AVAILABILITY/LIMITATION NOTICES: Enter any lim-
itations on further dissemination of the report, other than those

imposed by security classification, using standard statements
such as:

(1) ‘"Quaslified requesters may obtain copies of this
report from DDC.’’

(2) ‘Foreign announcement and dissemination of this
report by DDC is not authorizad’’

(3) ‘‘U. S. Government agencies may obtain copies of
this report directly from DDC. Other qualified DDC
users shall request through

(4) *'U. S. mlitary agencies may obtsin copies of this
report directly from DDC. Other qualified users
shall request through

(S) ‘*All distribution of this report 1s controlled Qual-
ified DDC users shall request through

If the report has been {urnished to the Office of Technical
Services, Department of Commerce, for sale to the public, inds-
cate this fect and enter the price, il known

1. SUPPLEMENTARY NOTES: Use for additional explane-
tory notes.

12, SPONSORING MILITARY ACTIVITY: FEnter the name of
the departmental project office or laboratory sponsoning (pay
ing for) the research and development. Include address.

13 AUSTRACT Enter an abatract giving o brief and factusl
aummary of the document indicative of the report, even though

| 1l may alno appedr einewhere tn the baody of the technical re-
Coport. 1 additional apace s required. a continuation sheet

chell he attached.

It 1x haghly desirable that the abstract of clasmified re-
ports he unclassified. Each peragraph of the abstract shal!
end with an indication of the military secunty classification
of the information in the paregreph. tepresented as (TS). (S)
(C). or (U).

There 1 no imitation on the length of the ahatract
ever. the nuggested leayth aa from 1) ta 2% words.

How.

14 KEY QORDS  Key words are technicslly mesninglful teems
or short phranes that charscienze o report and “ay be uned sa
index entries for catalaging the repoet. Key words must he
wefected an thet an secunty classificetion s tequired. lden.
ficrs, such ex equipment madel designation, trede name. ™
tary project code name, geopraphic Incation, may be used aa
Yoy worda byt will be [allowed by an indic stion of techni el

context The asnignmert of linke rules and weights s
optienael
- Secunity Classification i
. . ..
R
“ .
I T T R S,




